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PRELIMINARY AMENDMENT 



Dear Sir: 



By way of preliminary amendment, please amend the above Identified application as set 
forth below. 

In the Abstract : 

Please cancel the Abstract of the Disclosure, presently on file, and enter into the record 
of this application the new Abstract of the Disclosure typed on a separate sheet and 
accompanying this Preliminary Amendment. 

In the Specification: 

Please enter new paragraph 2 in the specification, please enter the clean form of 
paragraph 2 of the specification, without any markings thereon as follows. Accompanying this 
Preliminary Amendment is a copy of the original page 1 of the specification which shows the 
addition(s) (by underlining, highlighting and bold) to the specification. Please enter the new 
paragraph into the record of this case. 

In the Claims: 

Please cancel claims 1-35, without prejudice or disclaimer of the subject matter therein, 
in favor of new claims 36-82 as follows. 



ABSTRACT OF THE DISCLOSURE 

The apparatus comprises one or more light sources (18, 15) for providing light emitted 
from or reflected by the moving article and one or more light sensing mechanisms (1 5, 1 2, 50, 
51 ) arranged to provide a signal when illuminated by the light, at least one of the light sensing 
mechanisms (15, 12, 50, 51) being arranged to detect when the moving article intercepts a 
Icnown detection plane (19, 20, 21, 64, 65, 66, 67) wherever the article intercepts the plane. 
The sensing mechanism may comprise a slit aperture (10,11,12, 23, 60, 61 ) and/or cylindrical 
fens to define a detection plane. The apparatus may be used to measure the pre-impact and 
post-impact position and/or motion of a golf clubhead (7) and/or of a golf ball (1) during 
execution of a golf shot. 



CLEAN VERSION OF PARAGRAPH TWO 



[002] This application Is a divisional of U.S. Serial No. 09/291 ,273 filed April 14, 1999 

which Is a continuation-in-part of PCT/GB97/02873 filed October 17, 1997. 
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36. (NEW) An apparatus for providing an output dependent on the orientation of a 
moving object relative to its direction of movement, comprising: 

(a) light-reflective means carried with said object, said light-reflective means 
defining three reference locations of the object spaced from one another in said direction, and 
each of the three locations being displaced from alignment with the other two locations; 

(b) detection means for defining a detection plane transverse to said direction 
for responding to movement of said light-reflective means through said plane, said detection 
means comprising: 

(i) means for emitting light transversely of said direction for reflection 
within said plane from said locations during movement of said object through said plane; and 

(ii) means responsive to the light reflected within said plane from said 
locations to provide electric signals in accordance with movement through said plane of the 
three locations respectively; and 

(c) means responsive to said signals relative to one another for providing said 

output. 

37. (NEW) The apparatus according to claim 36, wherein said means responsive to 
said signals is means responsive to the timing of said signals relative to one another. 

38. (NEW) The apparatus according to claim 36, wherein said means responsive to 
said signals is means responsive to the relative timing of said signals to provide representation 
of speed of movement and orientation of said object. 

39. (NEW) The apparatus according to claim 36, wherein said means for emitting light 
is means to emit pulse-modulated light. 

40. (NEW) The apparatus according to claim 36, wherein said means for emitting light 
is means to emit a light beam crossing said plane. 

41 . (NEW) The apparatus according to claim 36, wherein said light-reflective means 
comprises a substantially triangular zone having light reflectivity, said three locations being 
defined respectively by the three corners of the triangular zone. 
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42. (NEW) The apparatus according to claim 41 , wlierein said means responsive to 
said signals comprises means responsive to relative amplitude of the signals. 

43. (NEW) The apparatus according to claim 36, wherein said means responsive to 
the light reflected within said plane comprises light-sensing means and means defining a slit 
aperture for limiting the angular extent to which said reflected light is incident on the sensing 
means. 

44. (NEW) The apparatus according to claim 43, wherein said angular extent is at 
least 5 degrees in the plane of the slit-length and 1 degree at most normal to that plane. 

45. (NEW) The apparatus according to claim 36, wherein said detection means 
defines first and second mutually-inclined detection planes that are both transverse to said 
direction for responding to movement of said light- reflective means through said first and 
second detection planes respectively, said detection means comprising light-source means for 
emitting light for reflection within said first and second planes from said locations during 
movement of said object through the respective first and second planes, first sensing means 
responsive to the light reflected within said first plane from said locations to derive first electric 
signals in accordance with movement through said first plane of the three locations respectively, 
second sensing means responsive to the light reflected within said 

second plane from said locations to derive second electric signals in accordance with 
movement through said second plane of the three locations respectively, and wherein said 
apparatus includes means for providing comparison between the first and second signals. 

46. (NEW) The apparatus according to claim 45, wherein the means for providing 
comparison between the first and second signals derives representations of speed of 
movement and of orientation of said object from the comparison. 

47. (NEW) The apparatus according to claim 36, wherein said detection means defines 
first and second coplanar detection planes transverse to said direction for responding to 
movement of said light-reflective means through said first and second detection planes 
respectively, said first and second detection planes overlapping one another and said detection 
means comprising light-source means for emitting light for reflection within said first and second 
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planes from said locations during movement of said object througli tlie respective first and 
second planes, first sensing means responsive to the light reflected within said first plane from 
said locations to derive first electric signals in accordance with movement through said first 
plane of the three locations respectively, second sensing means responsive to the light 
reflected within said second plane from said locations to derive second electric signals in 
accordance with movement through said second plane of the three locations respectively, and 
wherein said apparatus includes means for providing comparison between the first and second 
signals. 

48. (NEW) The apparatus according to claim 47, wherein said comparison is between 
= ^ waveforms of the first and second signals to derive representation of orientation of said object. 
^ 49. (NEW) Golf-swing analyzer apparatus for providing an output dependent on the 

" orientation of a golf-club head during swing of the club by a golfer, comprising: 

(a) means defining a region through which the golfer may swing the golf club 
in a predetermined direction; 

(b) light-reflective means for attachment to the golf-ciub head to define three 
= reference locations of the head spaced from one another in said direction of swing, each of the 

ill three locations being displaced from alignment with the other two locations; 

(c) detection means for defining within said region a detection plane transverse 
to said direction for responding to movement of said light-reflective means through said plane, 
said detection means comprising: 

(1) means for emitting light transversely of said direction for reflection 
within said plane from said locations during swing of the golf-club head through said plane, and 

(ii) means responsive to the light reflected within said plane from said 
locations to derive electric signals in accordance with movement through said plane of the three 
locations respectively; and 

(d) means responsive to said signals relative to one another for providing said 

output. 
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50. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
means responsive to said signals is means responsive to the timing of said signals relative to 
one another to provide representation of orientation and speed of movement of the golf-club 
head during said swing. 

51 . (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
means for emitting light comprises means to emit pulse-modulated light, and said means 
responsive to reflected light comprises means responsive selectively to pulse-modulated 
reflected light. 

52. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
means for emitting light is means to emit a light beam crossing said plane. 

53. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
light-reflective means comprises a substantially triangular light-reflective area of the club-head, 
said three locations being defined respectively by the three corners of the triangular area. 

54. (NEW) The golf-swing analyzer apparatus according to claim 53, wherein said 
means responsive to said signals comprises means responsive to relative amplitude of the 
signals. 

55. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
means responsive to the light reflected within said plane comprises light-sensing means and 
means defining a slit aperture for limiting the angular extent to which said reflected light is 
incident on the sensing means. 

56. (NEW) The golf-swing analyzer apparatus according to claim 55, wherein said 
angular extent is at least 5 degrees in the plane of the slit-length and 1 degree at most normal 
to that plane. 

57. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
detection means defines first and second mutually-inclined detection planes that are both 
transverse to said direction for responding to movement of said light-reflective means through 
said first and second detection planes respectively, said detection means comprising 
light-source means for emitting light for reflection within said first and second planes from said 



locations during movement of said head through the respective first and second planes, first 
sensing means responsive to the light reflected within said first plane from said locations to 
derive first electric signals in accordance with movement through said first plane of the three 
locations respectively, second sensing means responsive to the light reflected within said 
second plane from said locations to derive second electric signals in accordance with 
movement through said second plane of the three locations respectively, and wherein said 
apparatus includes means for providing comparison between the first and second signals. 

58. (NEW) The golf-swing analyzer apparatus according to claim 57, wherein said 
comparison is between waveforms of the first and second signals to derive representation of 
orientation of said head. 

59. (NEW) The golf-swing analyzer apparatus according to claim 49, wherein said 
detection means defines first and second coplanar detection planes transverse to said direction 
for responding to movement of said light-reflective means through said first and second 
detection planes respectively, said first and second detection planes overlapping one another 
and said detection means comprising light-source means for emitting light for reflection within 
said first and second planes from said locations during movement of said head through the 
respective first and second planes, first sensing means responsive to the light reflected within 
said first plane from said locations to derive first electric signals in accordance with movement 
through said first plane of the three locations respectively, second sensing means responsive 
to the light reflected within said second plane from said locations to derive second electric 
signals in accordance with movement through said second plane of the three locations 
respectively, and wherein said apparatus includes means for providing comparison between the 
first and second signals. 

60. (NEW) The golf-swing analyzer apparatus according to claim 59, wherein said 
comparison is between waveforms of the first and second signals to derive representation of 
orientation of said head. 

61 . (NEW) A method for providing an output dependent on the orientation of a moving 
object relative to its direction of movement, comprising: 
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(a) a first step of attaching liglit-reflective means to said object, said 
light-reflective means being attached to said object to define three reference locations of the 
object spaced from one another in said direction, and each of the three locations being 
displaced from alignment with the other two locations; 

(b) a second step of defining a detection plane transverse to said direction for 
responding to movement of said light-reflective means through said plane, said second step 
comprising: 

(i) emitting light transversely of said direction for reflection within said 
plane from said locations during movement of said object through said plane; and 

(ii) responding to light reflected within said plane 

from said locations to provide electric signals in accordance with movement through said plane 
of the three locations respectively; and 

(c) a third step of analysis of said signals for providing said output. 

62. (NEW) The method according to claim 61 , wherein said analysis of said signals 
comprises responding to the timing of said signals relative to one another to provide 
representation of speed of movement and orientation of said object. 

63. (NEW) The method according to claim 61 , wherein the light emitted transversely 
of said direction is pulse-modulated light. 

64. (NEW) The method according to claim 61 wherein the light is emitted to cross said 

plane. 

65. (NEW) The method according to claim 61, wherein said light-reflective means 
comprises a substantially triangular zone having light reflectivity, said three locations being 
defined respectively by the three corners of the triangular zone. 

66. (NEW) The method according to claim 61, wherein said third step includes 
comparison of the amplitudes of the signals. 

67. (NEW) The method according to claim 61, wherein said detection plane has an 
angular extent of at least 5 degrees and thickness of 1 degree at most. 



68. (NEW) The method according to claim 61 , wherein said second step comprises 
a definition-step for defining first and second mutually-inclined detection planes that are both 
transverse to said direction for responding to movement of said light-reflective means through 
said first and second detection planes respectively, said definition-step comprising emitting light 
for reflection within said first and second planes from said locations during movement of said 
object through the respective first and second planes, sensing the light reflected within said first 
plane from said locations to derive first electric signals in accordance with movement through 
said first plane of the three locations respectively, and sensing the light reflected within said 
second plane from said locations to derive second electric signals in accordance with 
movement through said second plane of the three locations respectively, and wherein said third 
step comprises comparison of the first and second signals with one another for providing said 
output. 

69. (NEW) The method according to claim 68, wherein representations of speed of 
movement and of orientation of said object are derived from the comparison. 

70. (NEW) The method according to claim 61, wherein said second step is a 
definition-step for defining first and second coplanar detection planes transverse to said 
direction for responding to movement of said light-reflective means through said first and 
second detection planes respectively, said first and second detection planes overlapping one 
another, and wherein said definition-step comprises emitting light for reflection within said first 
and second planes from said locations during movement of said object through the respective 
first and second planes, sensing the light reflected within said first plane from said locations to 
derive first electric signals in accordance with movement through said first plane of the three 
locations respectively, and sensing the light reflected within said second plane from said 
locations to derive second electric signals in accordance with movement through said second 
plane of the three locations respectively, and wherein said third step comprises comparison of 
the first and second signals with one another for providing said output. 

71. (NEW) The method according to claim 70, wherein said comparison is between 
waveforms of the first and second signals to derive representation of orientation of said object. 
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72. (NEW) A method for analyzing the orientation of the head of a golf club during 
swing of the golf-club by a golfer, comprising: 

(a) a first step of defining a region through which the golfer may swing the golf 
club in a predetermined direction; 

(b) a second step of providing light-reflective means on the golf-club head to 
define three reference locations of the head spaced from one another in said direction, each 
of the three locations being displaced from alignment with the other two locations; 

(c) a third step of defining a detection plane transverse to said direction within 
said region for responding to movement of said light-reflective means through said plane, said 
third step comprising: 

(i) emitting light transversely of said direction for reflection within said 
plane from said locations during swing of the golf club through said plane, and 

(ii) responding to light reflected within said plane from said locations 
to derive electric signals in accordance with movement through said plane of the three 
locations respectively; and 

(d) a fourth step of analysis of said signals, said fourth step including 
determining the relative timing of the signals. 

73. (NEW) The method according to claim 72, wherein said analysis of said signals 
comprises responding to the timing of said signals relative to one another to provide 
representation of speed of movement and orientation of the head. 

74. (NEW) The method according to claim 72, wherein the light emitted transversely 
of said direction is pulse-modulated light. 

75. (NEW) The method according to claim 72, wherein the light is emitted to cross 
said plane. 

76. (NEW) The method according to claim 72, wherein said light-reflective means 
comprises a substantially triangular zone having light reflectivity, said three locations being 
defined respectively by the three corners of the triangular zone. 
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77. (NEW) The method according to claim 72, wherein said third step includes 
comparison of the amplitudes of the signals. 

78. (NEW) The method according to claim 72, wherein said detection plane has an 
angular extent of at least 5 degrees and thickness of 1 degree at most. 

79. (NEW) The method according to claim 72, wherein said second step comprises 
a definition-step for defining first and second mutually-inclined detection planes that are both 
transverse to said direction for responding to movement of said light-reflective means through 
said first and second detection planes respectively, said definition-step comprising emitting light 
for reflection within said first and second planes from said locations during movement of said 
head through the respective first and second planes, sensing the light reflected within said first 
plane from said locations to derive first electric signals in accordance with movement through 
said first plane of the three locations respectively, and sensing the light reflected within said 
second plane from said locations to derive second electric signals in accordance with 
movement through said second plane of the three locations respectively, and wherein said third 
step comprises comparison of the first and second signals with one another for providing said 
output. 

80. (NEW) The method according to claim 79, wherein representations of speed of 
movement and of orientation of said head are derived from the comparison. 

81. (NEW) The method according to claim 72, wherein said second step is a 
definition-step for defining first and second coplanar detection planes transverse to said 
direction for responding to movement of said light-reflective means through said first and 
second detection planes respectively, said first and second detection planes overlapping one 
another, and wherein said definition-step comprises emitting light for reflection within said first 
and second planes from said locations during swing of said head through the respective first 
and second planes, sensing the light reflected within said first plane from said locations to 
derive first electric signals in accordance with movement through said first plane of the three 
locations respectively, and sensing the light reflected within said second plane from said 
locations to derive second electric signals in accordance with movement through said second 



plane of the three locations respectively, and wherein said third step comprises comparison of 
the first and second signals with one another for providing said output. 

82. (NEW) The method according to claim 81, wherein said comparison is between 
waveforms of the first and second signals to derive representation of orientation of said head. 
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REMARKS 



Please note that the enclosed specification is a copy of the originally filed 
specification with paragraph numbers added thereto. It is noted that the addition of 
paragraph numbers does not require the submission of a substitute specification. As 
a precautionary measure, a copy of the originally filed specification, without paragraph 
numbers, also accompanies this Preliminary Amendment. 

Accompanying this response, please find marked-up paragraphs of the specification 
which overcome some informalities noted in the specification. The undersigned avers that the 
enclosed replacement paragraph(s) of the specification do not contain any new matter. 

Please consider new claims 36-82 upon consideration of this application. 

In the event that there are any fee deficiencies or additional fees are payable, please 
charge the same or credit any overpayment to our Deposit Account (Account No. 04-0213). 




Davis & Bujold, P.L.L.C. 
Fourth Floor 



500 North Commercial Street 
Manchester NH 03101-1151 



Telephone 603-624-9220 
Facsimile 603-624-9229 
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WIARKED-UP VERSION OF PAGE 1 OF THE SPECIFICATION 



[001] APPARATUS FOR MEASURING PARAMETERS RELATING TO THE 
TRAJECTORY AND/OR MOTION OF A MOVING ARTICLE 

[0021 This application Is a divisional of U.S. Serial No. 09/2 91.273 filed April 14, 

1999 which is a continuation-in-part of PCT/GB97/02873 filed October 17, 1997. 

[003] TECHNICAL FIELD 

[004] This invention relates to apparatus for measuring parameters relating to the 

trajectory and/or motion of a moving article and, in particular, apparatus for measuring 
and recording the pre-impact and post-impact position and/or motion of a golf clubhead 
and golf ball during the execution of a golf shot. 

[005] BACKGROUND ART 

[006] Most contemporary commercial golf swing analysers use arrays of light beams 

and coacting electro-optical sensors. In a typical conventional golf swing analyser, a 
plurality of discrete light sensors are arranged in line at regular, known intervals, with 
two or more such arrays built into a playing mat and extending transversely to the 
intended direction of clubhead travel prior to ball impact. The light sensors are normally 
illuminated from a single source at ceiling height so that the effective light beams 
received by each sensor in an array are approximately parallel and vertical. The light 
sensors detect the shadow of a clubhead as it travels at speed towards a golf ball. By 
recording and processing the sequence of light interrupts in the light sensors, various 
parameters such as clubhead speed, swingpath angle, impact offset and clubface angle 
at impact can be computed. 
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